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e(E?°"°T) and e(E®°°*Pt°"). Fig. IV.4 shows the In k dependence on N for
different AE’s when the traps are near the band. Calculations for different AE's
correspond to moving the acceptor energy closer to the band at fixed donor
energy. Fig. IV.5 shows similar calculations when the traps are further from the
band. At short distance the ef” term does not cause any single element in the
sum of Eq. IV.29 to dominate so the decay of rate with distance is not purely
exponential. However, as the transfer distance becomes very large only terms
in the sum with largest |¢;| contribute to the rate and the decay again becomes
exponential with distance. Far from the band edge, ¢ varies slowly with j and

the rate decays exponentially with distance in all distance ranges.

The other qualitatively unusual behavior of the rate arises from the intrinsic
coupling of the electronic decay (¢;) with the energetic dependence of the rate,
e~ 2IyAE/he [ N(AE [hw — j)!]. In the old theory, since ¢ is j independent the
change of rate with AE is determined solely by this nuclear overlap term. In
the correctly coupled solution the smallness of e?N for particular values of j may
strongly skew the k—AFE relation from the distance independent, inverted form
predicted by the standard classical, semiclassical, and quantum formulations of
non-adiabatic electron transfer theory. The strong dependence of ¢, on E near
the band edge makes transfers between donors and acceptors in this energetic
region especially sensitive to non-Born-Oppenheimer effects. Calculations of the
dependence of rate on AE are shown in Figs. IV.6a and IV.6b for donors and
acceptors in different energetic regions and at different transfer distances. The
shapes and locations of the peaks of the curves are distance and band donor

energy dependent.

Examples of redox centers at fixed distance bound to hydrocarbon linkers
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(a)
(b)
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Figure IV.4. In k — N plot for 8 = —1.6eV, hw = .2¢V, v = E™*" [hw = 4,
AE =8 hw. Ep(E4) = distance of donor (acceptor) from band.
(a) Ep=21, E,=.5
(b) Ep=Es=.5
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Figure IV.5. As in Fig. IV.4 with 8 = —1.6eV, hw = .26V, v =4
(a) Ep =E4 =2.1eV
(b) Ep = 5.6, E4 = 4.0
(¢) Ep=E4 =586
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In(K)+C
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Figure IV.B8a. The In k — AE dependence is shown for donor and acceptor con-
nected by 5 bridging atoms when:
(1) Ep = TeV (“far”)
(2) Ep = 4¢V (“med”)
(3) Ep = 2.3¢V (“near”)
and 8 = —1.6, hw = .2, v = 2. E4 is varied by moving it closer to

the band.



122

In(K)+C
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Figure IV.6b As in Fig IV.6a for a 15 atom separation between donor and accep-

tor.
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actually span a range of energies. Ruthenium pentaamine modified alkane trap
states may be only a few eV from the valence band. Electronic traps bound
to modified steroids lie consideraly higher in energy, perhaps 45 eV above the
valence band [10]. Since hole transport appears to be the dominant process in
most cases, increasing the reaction exothermicity by lowering the acceptor state
energy should increase the rate considerably more than by raising the donor

electronic energy an equal amount (especially at long distance).
Connections with experiment

The pulse radiolysis studies [4] measure the distance and AG dependence of
long distance electron transfer reactions between randomly distributed organic
species frozen in organic glasses. This technique allows study of the distance
dependence of the rate. The results of these studies are in conflict with the

standard electron transfer theories in two respects:

(a) For small —AG the reactions are considerably slower than expected and
behave as if the distance decay of the tunneling matrix element is different from

other reactions at the same distance with different —AG.

(b) The maximum of the experimental rate vs. —AG curve moves to larger

—AG for transfers over longer distances (Fig. IV.7).

The latter effect was explained with an untested time dependent solvent relax-
ation model (it can be tested by performing lower temperature experiments).
That model adds a new completely independent parameter to the analysis. The
non-Born-Oppenheimer/Franck-Condon calculations predict both of these effect

(Figs IV.5 and 6). Future work will attempt to quantify this link.

Other experiments where less is known about the reorganization energies

and coupled frequencies include studies by Guarr, McGuire, and McLendon [5]
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RELATIVE F-C FACTOR

-AG (eV)

Figure IV.7 The dependence of the apparent Franck-Condon factor on AG for
transfers occurring at 10~® and 10? seconds after radiolysisis shown.
At 10° sec. transfer occurs over about 15-20 A and over 30-40 A
at 10? sec. for typical acceptors. The shift in the peak of this curve
may be explained by a time dependent solvent stabilization of the
charge on the donor or by a breakdown of the Born-Oppenheimer

approximation (see Fig. IV.6).
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and Dutton, Gunner, Prince, Woodbury, and Parson [6].
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